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A frequently proposed method for disposing of aqueous effluents from oil shale 
processing i s  the use of these waters for moistening processed shale (1). 
method of disposal is part of the recently approved development plan for leased oil 
shale tract C-a ( 2 ) .  
shale processing waste water. Retort waters contain high concentrations of organic 
and inorganic solutes which present serious disposal and purification problems (3-7). 
Many studies have focussed on solutes which might leach from processed shale (&lo), 
but little attention has been paid to the fate and transport of retort water solutes 
incorporated into processed shale o r  present in in situ retorts. Of particular 
interest are the organic solutes because of their potential toxicity. 

Studies of organic solute transport are complicated by the complex and variable 
natures of both the retort waters and the processed shales which result from many 
diverse retorting methods. The use of surface-retorted processed shale has been 
proposed for the disposal of waste waters from both surface and in situ retorting 
(2). Organic solutes found in retort waters have been determined by many different 
methods (3, 11-13). This study will present a unique organic solute characterization 
based on sorption of both a true in situ and a simulated in situ retort water. This 
characterization data is then applied to solute sorption studies on TOSCO-I1 proc- 
essed shale. 

TOSCO-II1 processed shale was selected as the sorbent in this investigation 
because its small particle size and high surface area facilitated laboratory studies 
and because it was considered most likely to give the high sorptive capacities (as 
compared to other processed shales) needed for disposal of retort water. Retort 
waters were obtained from both the 150-ton simulated in situ retort and the Rock 
Springs site 9 in situ retort of the Laramie Energy Research Center. 

An organic solute fractionation scheme (DOC fractionation analysis) based upon 
adsorption was developed specifically for this study (14). Natural organic solutes 
in surface and ground waters in the area of the Green River formation were character- 
ized by DOC fractionation analysis to assess the impact of possible inputs of waste 
water from oil shale processing. 
fractionation analyses of retort waters to sorptive interactions with processed shale 
so that predictions can be made about the movement of organic solutes from processed 
shale to adjacent soils and waters. 

This 

Retort waters produced with the oil are a major component of 

The purpose of this report is to relate DOC 

EXPERIMENTAL 

Retort Water and Shale Samples. TOSCO-I1 processed shale was obtained from 
the TOSCO Corp. Research Center in Golden, Colorado. Site 9 in situ retort water, de- 
signated OMEGA-9 (15). and 150-ton retort water (barrel 66, run 13) were obtained from 
the Laramie Energy Research Center. Previously filtered OMEGA-9 water was stored at 
4OC in a plastic lined, sealed drum. 
from an oil-and water-containing drum stored at room temperature. 
150-ton water through glass fiber filters removed suspended oil. Production wells 3 ,  
4, 8, and 9 at the Laramie Energy Research Center's Site 9 in situ retort were 
sampled in May 1977. The warm oil and water mixture pumped from the wells was 
chilled to 4OC and stored in glass bottles. 
oil before fractionation and analysis. 

Water Analysis. The major inorganic solutes in the retort waters were deter- 
mined by the U.S. Geological Survey Denver Central Laboratory (16). Most of these 

The use of brand names in this report is for identification purposes only and does 
not imply endorsement by the U.S. Geological Survey. 

150-ton retort water samples were aliquoted 
Filtration of 

Glass fiber filtration removed suspended 
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d a t a  a r e  a v a i l a b l e  e l sewhere ,  bu t  t he  s u l f u r  s p e c i a t i o n  of t h e s e  waters has no t  been 
previous ly  repor ted .  
t e t r a c h l o r i d e  d i g e s t i o n  procedure (17). S u l f a t e  was determined by a barium s u l f a t e  
t u rb id ime t r i c  procedure  (16).  Th iosu l f a t e  w a s  determined by iod ime t r i c  t i t r a t i o n s .  
Raw waters as w e l l  as carbon f i l t e r e d  ( t o  remove organic  s o l u t e s )  and z i n c  a c e t a t e  
t r e a t e d  ( t o  p r e c i p i t a t e  any s u l f i d e )  water were t i t r a t e d  wi th  s tandard ized  sodium 
t r i i o d i d e .  S u l f i t e  w a s  determined by t h e  d i f f e r e n c e  i n  equ iva len t s  of i od ine  con- 
sumed be fo re  and a f t e r  a d d i t i o n  of formaldehyde t o  complex any s u l f i t e .  

t o  determine t h e  d i s t r i b u t i o n  of organic  s o l u t e s  i n  t h e  water samples. Ana ly t i ca l  
s c a l e  DOC f r a c t i o n a t i o n s  were performed by Huffman Labora tor ies ,  Wheat Ridge, Colo- 
rado. P repa ra t ive  s c a l e  f r a c t i o n a t i o n s  of 150-ton and OMEGA-9 r e t o r t  wa te r s  were 
conducted by a mod i f i ca t ion  of t h e  a n a l y t i c a l  scale method. In+the modified pro- 
cedure t h e  a c i d i f i c a t i o n  of t h e  sample i s  accomplished on t h e  H 
column r a t h e r  than  by HC1 _addition. 
HC1 add i t ion  in t roduces  C 1  i o n s  which r equ i r e  later removal on a l a r g e  anion exchange 
column. The procedure i s  ou t l ined  i n  f i g u r e  1. Samples of t h e  r e t o r t  waters were 
d i l u t e d  to  a concen t r a t ion  of 500 mg/L DOC wi th  d i s t i l l e d  water and f r ac t iona ted .  
Ten l i ters of d i l u t e d  OMEGA-9 water and 36 l i ters of 150-ton r e t o r t  water were 
f r ac t iona ted .  Hydrophobic s o l u t e s  w e r e  concent ra ted  and f r ac t iona ted  on a 3,200 mL 
bed of Amberlite XAD-8, a nonionic  macro re t i cu la r  a c r y l i c  ester r e s i n .  Hydrophobic 
bases  (HPO-B) were e l u t e d  wi th  0 .1  N HC1, hydrophobic a c i d s  (HPO-A) wi th  0.5 N 
NH OH and hydrophobic n e u t r a l s  (HPO-N)+with methanol. 
cokcent ra ted  on a 2,300 mL column of H 
exchange r e s i n  and e l u t e d  An 0.5 N NH OH. 
ed on a 1,000 mL bed of OH 
HC1.  Hydrophilic n e u t r a l s  (HPI-N) passed through a l l  columns and were co l l ec t ed .  

T o t a l  s u l f u r  w a s  determined by a s tandard  bromine i n  carbon 1 
I' 

DOC F rac t iona t ions .  DOC f r a c t i o n a t i o n  us ing  macro re t i cu la r  r e s i n s  (5) was used 

m gorm c a t i o n  exchange 
as COz, whereas Th i s  e l imina te s  C03 and HC03 

Hydrophilic bases  (HPI-B) were 

Hydrophilic ac ids  (HPI-A) w e r e  concentrat-  
form AG MP-50 (BioRad Labora tor ies )  ca t ion  

form AG d-1 anion  exchange r e s i n  and e l u t e d  with 0.5 N 

Figure  1.--Flow diagram of t h e  f r a c t i o n a t i o n  of organic  s o l u t e s  i n  r e t o r t  waters .  
1. Hydrophobic bases ,  2. Hydrophilic bases ,  3 .  Hydrophobic ac ids ,  
4 .  Hydrophobic n e u t r a l s ,  5. ,Hydrophi l ic  n e u t r a l s ,  6. Hydrophilic 
ac ids .  
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The procedure developed t o  f r a c t i o n a t e  r e t o r t  wa te r s  on a l a r g e  s c a l e  involves  

Th iosu l f a t e  d i s s o c i a t i o n  t o  e lementa l  s u l f u r  and s u l f i t e  r e s u l t e d  i n  
t h e  add i t ion  of concent ra ted  Na13 t o  t h e  f i rs t  XAD-8 e l u a t e  t o  des t roy  t h i o s u l f a t e  
present .  
fou l ing  of t h e  c a t i o n  exchange r e s i n  if t h i s  s t e p  w a s  no t  included. The DOC con- 
cen t r a t ions  of s o l u t i o n s  der ived  from p repa ra t ive  f r a c t i o n a t i o n s  were determined on a 
Beckman Model 915 carbon ana lyzer .  

Sorption S tud ie s .  150-ton r e t o r t  water w a s  d i l u t e d  1 : l O  (DOC=500 mg/L) wi th  
d i s t i l l e d  water. Weighed v a r i a b l e  amounts of TOSCO-I1 processed s h a l e  were added 
t o  200 mL volumes of t h e  d i l u t e d  r e t o r t  water and the  suspens ions  s t i r r e d  f o r  one 
week a t  25OC i n  a water ba th .  
s o l u t i o n  were analyzed f o r  DOC. F rac t ions  of 150-ton r e t o r t  water  w e r e  d i l u t e d  t o  a 
concent ra t ion  (C ) of organic  s o l u t e s  (as carbon) equal  t o  1 /10  t h e  concent ra t ion  of 
t h a t  so lu t e  f r acg ion  i n  t h e  o r i g i n a l  r e t o r t  water .  
pH 8.65 and a s p e c i f i c  conductance of 7,400 umho/cm a t  2OoC by t h e  add i t ion  of NH 
(C03)2 and H C 1  t o  provide  an inorganic  s o l u t e  composition s i m i l a r  t o  t h a t  i n  ten-*old 
d i l u t e d  150-ton r e t o r t  water. Al iquots  (200 mL) of these  d i l u t e d  f r a c t i o n s  were 
equ i l ib ra t ed  by s t i r r i n g  f o r  1 week a t  25OC wi th  vary ing  amounts of TOSCO-I1 processed 
sha le .  Af te r  c e n t r i f u g a t i o n ,  t h e  DOC concen t r a t ion  of t he  superna tan t  so lu t ions  w e r e  
determined. 
a r e  obtained from t h e  f r a c t i o n a t i o n  i n  methanol and a r e  in so lub le  i n  w a t e r .  

were added t o  200 mL volumes of 150-ton r e t o r t  water d i l u t e d  1 : l O  wi th  d i s t i l l e d  
water .  
de te rmina t ions  were run  on t h e  superna tan t  so lu t ions .  

RESULTS AND DISCUSSION 

Af te r  cen t r i fuga t ion  a l i q u o t s  of t he  superna tan t  

These s o l u t i o n s  were brought t o  

The hydrophobic n e u t r a l  f r a c t i o n  was no t  s tud ied  because these  s o l u t e s  

h m u n t s  of a c t i v a t e d  carbon (Calgon F i l t r a s o r b  400) vary ing  from 1 0  mg t o  10 g 

The suspens ions  were s t i r r e d  f o r  1 week a t  25OC, cen t r i fuged ,  and DOC 

Retor t  Water Inorganic  So lu te  Analysis.  The major inorganic  c o n s t i t u e n t s  of t h e  
r e t o r t  waters are presented  i n  t a b l e  1. 
t o  devise  a workable f r a c t i o n a t i o n  procedure and t o  proper ly  des ign  adso rp t ion  exper i -  
ments. OMEGA-9, t h e  i n  s i t u  r e t o r t  water,  d i f f e r s  from t h e  150-ton simulated i n  s i t u  
r e t o r t  water mainly i n  having lower concent ra t ions  of ammonia, carbonate  spec ie s  and 
organic  so lu t e s ,  and i n  having a f a r  l a r g e r  concent ra t ion  of sodium. 150-ton water 
d i sp lays  the  cha rac t e r  of a d i s t i l l a t e  i n  conta in ing  no apprec iab le  concent ra t ions  
of nonvo la t i l e  ca t ions .  
c e n t r a t i o n  (1,200 meq/L vs 500 meq/L) than  the  OMEGA-9 water. The d i f f e rences  i n  N a  
concent ra t ion  and i n  t o t a l  s o l u t e  conten t  probably a r e  a r e s u l t  of t he  d i l u t i o n  of 
OMEGA-9 by n a t i v e  s a l i n e  ground water .  
a t  t h e  s i te  (3) suppor t  t h i s  hypothesis.  

The presence of t h i o s u l f a t e  i n  these  waters has  n o t  been previous ly  repor ted  
and the  au thors  f e e l  t h e r e  has  been some confusion about t h e  s u l f u r  s p e c i a t i o n  i n  
OMEGA-9. We were l e d  o study t h e  s u l f u r  chemistry of t h e  waters because t h e  app l i -  
c a t i o n  of OMEGA-9 t o  H form ca t ion  exchange columns i n  t h e  DOC f r a c t i o n a t i o n  scheme 
r e s u l t e d  i n  t h e  format ion  of a s u l f u r  p r e c i p i t a t e  which fouled  t h e  r e s i n .  Acidi- 
f i c a t i o n  of t h e  waters a l s o  causes  t h i s  same s u l f u r  y i e ld ing  d i s s o c i a t i o n  of th io-  
s u l f a t e  : 

It  w a s  necessary t o  determine these  spec ie s  

150-ton water a l s o  has  a h igher  t o t a l  i o n i c  s o l u t e  con- 

Analy t ica l  d a t a  on the  n a t i v e  ground waters 

$ 

S2032-+ 2 H + F = t S 0 2 ( g )  + S ( s )  + H 2 0 .  1 )  

Severa l  q u a l i t a t i v e  and q u a n t i t a t i v e  tests were used t o  v e r i f y  t h e  s u l f u r  chemistry 
o f  OMEGA-9 water. 
e lementa l  s u l f u r  upon a c i d i f i c a t i o n ,  by the  c h a r a c t e r i s t i c  behavior  of t h i o s u l f a t e  
s o l u t i o n s  upon a d d i t i o n  of s i l v e r  ions ,  and by t h e  a b i l i t y  of OMEGA-9 w a t e r  t o  
d i s s o l v e  s i l v e r  c h l o r i d e  a f t e r  a l l  ammonia has  been removed. No s u l f i d e  was de- 
t e c t a b l e  i n  t h e  water by l ead  a c e t a t e  paper tests of steam from a c i d i f i e d  r e t o r t  
water. 
(Ag2S forms i f  s u l f i d e  i s  p resen t )  
OMEGA-9 m2tches t h e  sum of t h e  S042- (620 mg/L S a s  SO:-) and S2032- (1,700 mg/L 
S as S203 -) s u l f u r  concen t r a t ions  so t h a t  o t h e r  S spec ie s  must be  a t  low l e v e l s  

The presence  of t h i o s u l f a t e  w a s  i nd ica t ed  by t h e  formation of 

s u l f i d e  w a s  undetec tab le  by t h e  add i t ion  of AgNO s o l u t i o n  t o  r e t o r t  water 3 The t o t a l  s u l f u r  c n t e n t  (2,300 mg/L) of 
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Table 1. Re to r t  water s o l u r e  -1yais 

Bar re l  66. run 1 3  O H V A  9 
CO".tit"e"L 

I" S i t "  r e t o r t  l 5 P t o n  r e t o r t  

PB 8.6 8.5 

Spec i f i c  Conductance 48.000 

(micromhas a t  20%) 

25,800 

U i n i g r a m s  per liter 

CalfiYD (c.4 4 8 

nngnesium (ws) 16 1 2  

Sodium (Na) 188 4,100 

Potassium (K) 24 43  
Bicarbonate  (KO3) 33.400 15,100 

Carbpoate KO3) 14.900 1.100 

S u l f a t e  (SO,) 1.340 1.400 

Chloride (Cl) 2,800 3.900 

F luor ide  (I) 1 2  56 

m i o s u i t a r e  (szo3) 2,050 3.WO 

T o t a l  Su l fu r  (S) _-____ 2,300 

-nium (NH4 89 N) 3.800 
T o t a l  Kjeldahl  Nitrogen 

(11(N) 18.000 4.000 

(DOC) 5,000 1.000 

Dieeolved Organic Carbon 

n i l l i eq" iua1en t s  per  l i t e r  

1.280* 271 NH4 
Ca 0.2 0.6 

Ma 1 .3  1.0 
K 0.6 1.1 

Na 8.2 1)8 
Cation sum 1,290.3 451.5 

KO3 547 

co3 498 

79 c1 
P 0.6 

27.9 so4 
'2'3 2 
Anton sum 1.189.1 

247 

i o  
110 

2.9 

29.1 

53 
512.0 

Nn4 e s t i m t e d  from TKN 

r e l a t i v e  t o  S 0 '- and SO '-. 
i d e n t i c a l  f o r  r a w  samples: f o r  carbon f i l t e r e d  (70 percent  of DOC removea) and z i n c  
a c e t a t e  t r e a t e d  ( t o  p r e c i p i t a t e  any s u l f i d e  which could a l s o  have oxid ized  NaI ) 
samples. 
sumption of iodin5-was i d e n t i c a l  before  and a f t e r  add i t ion  of formaldehyde which 
complexes any SO3 presen t .  

conta in ing  SO 

r eac t ions  a r e  perhaps c l u e s  t o  t h e  s u l f u r  chemistry i n  t h e  r e t o r t :  

Resu l t s  o f  i od ime t r i c  de te rmina t ions  of S 0 '- 2 3  were 

S u l f i t e  was n o t  p re sen t  a t  d e t e c t a b l e  l e v e l s  by iodimetry because con- 3 

We can specu la t e  on the  o r i g i n  of t h i o s u l f a t e  i n  r e t o r t  water .  Heated gasses  
and s t e a m  probably contac ted  s u l f i d e s ,  H S o r  perhaps  even e lementa l  

s u l f u r  de r ive3  from t h e  r o a s t i n g  of p y r i t e .  These known 2 aqueous s o l u t i o n  

2- a l k a l i n e  pH, "3'- + ' ( s )  - '2'3 ( a s )  

2- + o t h e r  po ly th iona te s  so 
+ H2S(aq)- "03 (Wackenroder's so lu t ion )  
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Organic Solute Fractionation. DOC fractionation analysis was developed to serve 
as a compound classification based on sorption that fills the gap in organic solute 
characterization between organic solute concentration (DOC) and specific compound 
identification. Hydrophobic solutes are first isolated and fractionated into acid, 
base, and neutral components by physical adsorption and desorption on a macroreticular, 
acrylic ester resin. 
base and acid solutes are isolated by ion-exchange sorption on cation and anion 
exchange resins, respectively. Hydrophilic neutral solutes remain dissolved in the 
deionized water sample at the end of the fractionation sequence. Because DOC frac- 
tionation analysis is based on various sorptive interactions, it is a useful method 
for studying and defining the sorptive interactions which occur between retort water 
organic solutes and processed shale. In addition, the sorption studies have been 
simplified to six compound classes which are relatively homogeneous with respect to 
their sorptive interactions, as opposed to the impossible task of defining the 
sorptive interactions of each compound in retort water. Additional uses and inter- 
pretations of data from DOC fractionation analysis have been previously discussed 
(14), and table 2 lists the types of compounds likely to be found in each fraction. 

After removal of hydrophobic solutes from water, hydrophilic 

Table 2. Compound classes in organic solute fractions 

HPO-B: Aromatic amines except pyridine, 
HPO-A: Aliphatic carboxylic acids > five carbons; aromatic 

HPO-N: Hydrocarbons, aliphatic alcohols, amides esters, ketones, and 

HPI-B: Aliphatic amines, pyridine, amino acids. 
HPI-A: Aliphatic acids of 2 five carbons, polyfunctional acids. 
HPI-N: Aliphatic amides, alcohols, aldehydes esters, and ketones 5 five 

carbons. Polyfunctional alcohols, carbohydrates. 

carboxylic acids, phenols. 

aldehydes of < five carbons, pyrroles, and indoles. 

The analytical DOC fractionation data from 150-ton and OMEGA-9 retort water and a 
natural surface water are shown in table 3. 

Table 3. Dissolved organic carbon fractionation analyses as percent of 
initial DOC 

Fraction 

150-ton retort OMEGA-9 Piceance Creek 
Water Retort Water at White River 

(5,000 mg/L DOC)(1.000 mg/L DOC)(9.l mg/L DOC) 

Hydrophobic solutes 
Hydrophilic solutes 

Hydrophobic bases 
Hydrophobic acids 
Hydrophobic neutrals 

65 
35 

9 
28 
28 

49 51 
51 49 

13 1 
19 23 
17 27 

Hydrophilic bases 8 12 2 
Hydrophilic acids 17 29 44 
Hydrophilic neutrals 10 10 3 

In the preparative scale fractionations the overall yield of organic solutes 

The 150:ton retort water contains a higher con- 
(based on DOC) obtained in the fractions was 85 percent for 150-ton retort water and 
90 percent for OMEGA-9 water. 
centration of hydrophobic solutes, with most of the difference appearing in 
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hydrophobic ac ids  and n e u t r a l s .  
which would tend t o  i n c r e a s e  the  s o l u b i l i t y  of hydrophobic n e u t r a l  spec ie s  i n  water.  
The h igher  concent ra t ion  of hydrophobic n e u t r a l s  i n  150-ton water is probably due t o  
s o l u b i l i z a t i o n  by hydrophobic ac ids .  

s o l u t e  d i s t r i b u t i o n  i n  these  r e t o r t  waters  from t h a t  i n  most n a t u r a l  waters .  Natura l  
waters  normally conta in  a hydroph i l i c  base concent ra t ion  of 1-10 percent  of t he  t o t a l  
DOC, bu t  hydrophobic bases  a r e  u s u a l l y  nea r ly  undetec tab le  (18).  The da ta  from the  
DOC f r ac t iona t ion  of t he  Piceance Creek sample i s  t y p i c a l  of a n a t u r a l  su r f ace  water .  
Hydrophobic organic base concen t r a t ions  i n  n a t u r a l  waters  a r e  gene ra l ly  low because 
such s o l u t e s  a r e  s t rong ly  adsorbed by ca t ion  exchange processes  on most s o i l s  and 
sediments, and by hydrophobic i n t e r a c t i o n s  (19).  Also, t h e r e  a r e  not  a s  many n a t u r a l  
sources  f o r  organic bases  as the re  a r e  f o r  organic  ac ids .  The contamination of a 
n a t u r a l  water by r e t o r t  water  might be r e a d i l y  de t ec t ab le  by an inc rease  i n  the  l e v e l  
of hydrophobic base s o l u t e s .  

Sorption S tudies .  The so rp t ion  isotherms presented i n  t h i s  s tudy  were generated 
by allowing so lu t ions  of i d e n t i c a l  i n i t i a l  o rganic  s o l u t e  concent ra t ion  ( C . )  t o  
e q u i l i b r a t e  with varying weights of sorbent ,  then  measuring t h e  e q u i l i b r i d  organic  
s o l u t e  concent ra t ions  (C ).  The so rp t ive  capac i ty  of t h e  sorbent  (mg organic 
carbon/g sorbent) i s  plo@ed a s  a func t ion  of C 
i t  poss ib l e  t o  observe d i f f e r e n c e s  i n  the  a f f in?@y of t h e  sorbent  f o r  d i f f e r e n t  
components in  a complex mixture  of so lu t e s .  The da ta  generated i n  t h i s  manner a l s o  
provides b e t t e r  i n s i g h t  i n t o  the  t r anspor t  of a mixture of s o l u t e s  through processed 
sha le  than the a l t e r n a t e  exper imenta l  design i n  which t h e  sorbent  weight is  held 
cons tan t  while C .  is va r i ed .  
t he  goa ls  of t h i i  s tudy  w a s  t o  determine which types  of organic  s o l u t e s  a r e  s t rong ly  
sorbed by the processed s h a l e  and which are not.  
d i s t i l l e d  water t o  a C 
so  t h a t  t he  var ied  a f f f n i t i e s  of t he  d i f f e r e n t  s o l u t e  f r a c t i o n s  might be b e t t e r  
observed. Above C = 500 mg/L DOC, t h e  DOC f r a c t i o n a t i o n  changed wi th  increas ing  
DOC, whereas belowiCi = 500 DOC, t he  DOC f r a c t i o n a t i o n  remained e s s e n t i a l l y  cons t an t  
a s  DOC decreased. 

i t s  p o t e n t i a l  a s  a sorbent  for .  t h e  organic  s o l u t e s  i n  r e t o r t  water. 
therms based on DOC f o r  un f rac t iona ted  150-ton r e t o r t  water on TOSCO-I1 processed 
sha le  and on Calgon F i l t r a s o r b  400 a c t i v a t e d  carbon a r e  shown i n  f i g u r e  2 .  
s i g n i f i c a n t  r e s u l t  i s  t h a t ,  on an equiva len t  weight b a s i s ,  a c t i v a t e d  carbon has a f a r  
g r e a t e r  so rp t ive  capac i ty  f o r  r e t o r t  water organic  s o l u t e s  than processed sha le ,  
d e s p i t e  s i m i l a r i t i e s  i n  su r face  appearance. On an equiva len t  carbon b a s i s  using f i v e  
percent  non-carbonate carbon remaining i n  TOSCO-I1 processed sha le ,  t he  sha le  has 
approximately half  t h e  s o r p t i v e  c a p a c i t i e s  of a c t i v a t e d  carbon. An i n t e r e s t i n g  
f e a t u r e  of the processed s h a l e  so rp t ion  isotherms is  the  sudden inc rease  i n  the  s l o p e  
of t he  curve at C = 400 mg/L DOC (C = 80 percent  of C . ) .  This i n d i c a t e s  t h a t  
about 20 percent 88 t h e  r e t o r t  water 88, has a much highea a f f i n i t y  f o r  TOSCO-I1 
processed sha le  than t h e  remaining 80 percent .  

ton r e t o r t  water on TOSCO-I1 processed sha le  ( f i g u r e  3) provide i n s i g h t  i n t o  s p e c i f i c  
s o r p t i v e  processes.  The most important aspec t  of t h e  s o l u t e  f r a c t i o n  isotherm d a t a  
i s  the  g rea t e r  so rp t ive  capac i ty  of t he  s h a l e  f o r  ac id  f r a c t i o n s  than f o r  base 
f r a c t i o n s ,  an unexpected r e s u l t .  
and sediments normally r e s u l t s  i n  higher so rp t ive  c a p a c i t i e s  f o r  bases  than ac ids  
( 7 ) .  The processed s h a l e  does no t  seem t o  e x h i b i t  t h i s  s o r p t i v e  capac i ty  f o r  t he  
bases  i n  r e t o r t  water.  A s  expected, hydrophobic s o l u t e  f r a c t i o n s  a r e  more s t rong ly  
sorbed than hydrophi l ic  f r a c t i o n s .  The rap id  inc rease  i n  the  s lope  of the unfrac- 
t i ona ted  so rp t ion  isotherm ( f i g .  2) a t  C = 400 mg/L DOC (C = 80 percent  of C.) i s  
probably due t o  t h e  expected high a f f i n i f ?  of t he  water i n so fab le  hydrophobic n e h t r a l  
f r a c t i o n  f o r  t h e  processed sha le .  The ind iv idua l  f r a c t i o n  i so therms i n  f i g u r e  3 have 
been added to  y i e ld  a f r a c t i o n  composite isotherm. 

Hydrophobic a c i d s  can a c t  a s  an ion ic  de t e rgen t s  

The presence of s i g n i f i c a n t  concent ra t ions  of bas i c  s o l u t e s  d i s t ingu i shes  the  

. This experimental  approach makes 

This experimental  design is important because one of 

A l l  r e t o r t  waters  were d i l u t e d  wi th  
= 500 mg/L DOC t o  reduce organic  so lu t e - so lu t e  i n t e r a c t i o n s  

TOSCO-I1 processed s h a l e  was compared wi th  a c t i v a t e d  carbon t o  b e t t e r  eva lua te  
Sorption i so-  

The most 

Sorption isotherms of t h e  ind iv idua l  organic  s o l u t e  f r a c t i o n s  der ived  from 150- 

Cation exchange p r o p e r t i e s  of most n a t u r a l  s o i l s  
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Figure 2.--Sorption of 150-ton retort water on Calgon 
F-400 and TOSCO 11-processed shale. 

0 10 20 30 40 50 6 0  7 0  80  90 100 

Ceq I Percent of Ci) 

Figure 3.--Sorption of 150-ton retort water organic solute fractions 
on TOSCO 11-processed shale. 
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Figure 4 compares t h e  f r a c t i o n  composite i so therm wi th  the  unf rac t iona ted  
so rp t ion  isotherm. Below C = 80 percent  of C .  t h e  two isotherms r ep resen t  s o r p t i v e  
c a p a c i t i e s  of t h e  same magnfpude but  do n o t  e x a i t l y  co inc ide  and t h e  d i f f e rence  i s  
very l i k e l y  due t o  t h e  absence of any con t r ibu t ion  from t h e  hydrophobic n e u t r a l  
f r a c t i o n  t o  t h e  composite f r a c t i o n  isotherm. 
experiment t h e  so rp t ion  o f  h igh  a f f i n i t y  hydrophobic n e u t r a l s  could r e s u l t  i n  a 
modified sorbent  su r face ,  d i f f e r e n t  from t h a t  p re sen t  i n  experiments on sepa ra t e  
f r a c t i o n s .  D i f f e rences  between t h e  composite and un f rac t iona ted  d a t a  could a l s o  
arise from so lu t e - so lu t e  i n t e r a c t i o n s .  Above C = 80 percent  of Ci t he  unf rac t ioned  
s o r p t i o n  isotherm d ive rges  g r e a t l y  from t h e  comF8site isotherm because of t h e  h igh  
capac i ty  of t h e  s h a l e  f o r  hydrophobic n e u t r a l  so lu t e s .  

I n  t h e  un f rac t iona ted  so rp t ion  i so therm 

i' 
L 

Figure  4.--Comparison of un f rac t iona ted  ve r sus  f r a c t i o n  composite 
s o r p t i o n  isotherms of 150-ton r e t o r t  water on TOSCO-I1 
processed sha le .  

Rock Spr ings  S i t e  9 S tudies .  Production w e l l s  3,  4 ,  8, and 9 a t  t h e  Rock 
Spr ings  si te 9 i n  s i t u  r e t o r t  were sampled f o r  water i n  May 1977, approximately seven 
months a f t e r  OMEGA-9 water  was co l l ec t ed .  The primary o b j e c t i v e  w a s  t o  determine 
changes i n  organic  s o l u t e  composition wi th  t i m e .  Table 4 presen t s  t he  d a t a  from t h i s  
s tudy  arranged i n  o rde r  of decreas ing  organic  s o l u t e  concent ra t ion  (based on DOC) 
from l e f t  t o  r i g h t .  The dec rease  i n  DOC and t h e  s h i f t  i n  t h e  hydrophobic-hydrophilic 
r a t i o  seem t o  i n d i c a t e  t h a t  ex tens ive  d i l u t i o n  of t h e  S i t e  9 r e t o r t  water by n a t i v e  
ground water has  occurred  i n  t h e  seven months s i n c e  c o l l e c t i o n  of OMEGA-9. The most 
s i g n i f i c a n t  r e s u l t  he re  i s  t h a t  t h e  hydrophobic base  f r a c t i o n  has  no t  been removed by 
s o r p t i o n  on t h e  processed s h a l e  i n  t h e  r e t o r t .  This  f ind ing  is i n  accord wi th  t h e  
l abora to ry  so rp t ion  da ta .  Meaningful i n t e r p r e t a t i o n s  of o the r  organic  s o l u t e  changes 
cannot be made because t h e  system i s  complicated by inpu t s  from t h e  na t ive  ground 
water .  

Th iosu l f a t e  was no t  d e t e c t a b l e  i n  water from any of t he  four  we l l s .  Su l f ide  
and s u l f i t e  were a l s o  undetec tab le  by iodimetry.  A de te rmina t ion  of s u l f a t e  and 
t o t a l  s u l f u r  conten t  i n  water  from one of t h e  w e l l s  (no. 9) shows t h a t  e s s e n t i a l l y  
a l l  s u l f u r  present  is i n  t h e  form of s u l f a t e .  It is not known whether a l l  th io-  
s u l f a t e  conta in ing  water  has  been e f f e c t i v e l y  d isp laced  by ground water ,  o r  whether 
an  ox ida t ive ,  microbia l ,  o r  s o r p t i v e  process  i s  t h e  cause of t he  disappearance.  
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Table 4. DOC Fractionation Analyses of SlCe 9 Ground Water as percent of i n i t i a l  DOC 

Ground-water 
COmpDslre 

OMEGA-9 Leiell 3 Well 8 Well 4 Well 9 collected before 
Fraction (1,000 mg/L DOC) (500 mg/L DOC) (140 ins/l. DOC) (80 mg/L DOC) (120 mg/L D0C)rerorting 

Hydrophobic solurea 49 62 63 66 65 71 
Hydrophilic solurea 51 38 37 34 35 29 

Hydrophobic bases 13 10 13 4 1 

Hydrophobic neutrals 17 19 21 19 22 
38 
32 

14 
39 19 29 32 34 Hydrophobic acids 

Hydrophilic bases 12 12 9 11 9 8 
Hydrophilic acids 29 19 18 17 22 
Hydrophilic neutrals 10 7 10 6 5 5 

I7 

CONCLUSIONS 
This study has presented a characterization of the organic solutes in retort 

water based on sorption processes and has identified some important features of 
the sorptive properties of TOSCO-I1 processed shale. 
concentrations of ammonia, organic bases, and thiosulfate, that are normally very low 
in natural waters. 
to organic bases whereas the reverse is true in most soil systems. 

organic solutes when compared on an equal weight basis to activated carbon, despite 
similarities in appearance. The organic solute fractions most likely to pass through 
or run off TOSCO-I1 processed shale are the hydrophilic neutral, hydrophilic base and 
hydrophobic base fractions. Of most obvious environmental concern is the hydrophobic 
base fraction that is at low levels in natural waters. TOSCO-I1 processed shale is 
an effective sorbent for hydrophobic neutral species and thus will better retain 
hydrocarbonlike solutes. 
ocycles, refractory compounds of great environmental importance, would very likely be 
removed from oil shale waste waters by contact with TOSCO-I1 processed shale. 
kind of information should be utilized in the design of waste-water disposal methods. 

the transport of retort water organic solutes from in situ retorts and about the 
migration of organic solutes from surface-disposed retort waters. The results of 
this work have led to other investigations into the surface chemistry of retorted 
oil shale and into the sorptive interactions of retort water solutes with soils and 
sediments. It is hoped that the research presented here will be the first step in 
developing a conceptual model of the transport organic solutes derived from retort 
water through processed shales, and later of their transport through soil systems. 

Retort waters contain high 

TOSCO-I1 processed shale sorbs organic acids preferentially 

TOSCO-I1 processed shale has a low overall sorptive capacity for retort water 

Polyaromatic hydrocarbons and neutral polynuclear heter- 

This 

It appears that DOC fractionation analysis can provide useful information about 
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